‘

[1:]]Nuclear Corporation

Update of Alternate Cooling
Water System Study
For |
Oyster Creek Nuclear
Generating Station

~ Volume 1
Technical and Economic Evaluation

August 1992

EBASco

An ENSERCH® Engineering and Construction Company




GPU NUCLEAR CORPORATION
OYSTER CREEK NUCLEAR GENERATING STATION
UPDATE OF ALTERNATE COOLING WATER SYSTEM STUDY

VOLUME 1
TECHNICAL AND ECONOMIC EVALUATION

EBASCO SERVICES INCORPORATED
AUGUST 1992



T N N N N T SN S B R G s s ey peew e ey e

2.4

TABLE OF CONTENTS
SUMMARY ¢ ¢ 4 ¢ o s o o o o o & s s o o &
PUrposSe « s o ¢ o ¢ o 4 s o « a o & o o o
Scope ¢« ¢ ¢ 4 s e 4 e 0w s e e e e s e v
Results .+ « ¢ o ¢ ¢ o o o o o o s o o o o

ConCIuSionS e o 4 6 4 8 9 b e e e e & & a o

DISCUSSION L ] e '0 . 4 * . L ] L] L] . * ] 1 ] L] . .
MethodologY .« ¢ ¢ ¢ ¢ o o o & o s o o 2 &

Cooling Water System Description . . . « .+ .
2.2.1 Existing System .+ . « ¢« ¢« o s 4 .
2.2.2 Natural Draft Cooling Tower System .
2.2.3 Round Mechanical Draft Cooling Tower

Cooling System Optimization Input Data . . .

2.3.1 Cooling System Parameter Alternatives
2.3.2 Project Financial Criteria . . . . .
2.3.3 Intake Canal Water Conditions . . .
2.3.4 Ambient Air Temperature Conditions .
2.3.5 Turbine Generator Unit Performance .
2.3.6 Circulating Water System Layout . .
2.3.7 Cooling Tower Parameters . « « o+ +
2.3.8 Computer Pricing Information . . . .

Cooling System Economic Optimization Results

2.4.1 Natural Draft Cooling Tower . . . .
2.4.2 Round Mechanical Draft Cooliné Tower
2.4.3 Economically Preferred Cooling Tower

Cooling System Design, Operating and Cost Parameters

2.5.1 Natural Draft Cooling Tower .« . .

2.5.2 Round Mechanical Draft Cooling Tower System

REFERENCES L] L] L] L] L] L] [ ] . * L] L] L] . L] » * L] . )

EXHIBITS
APPENDICES

System

»

System

Spec.

*

.

W o W

10
10
11
11
12
16
17
17
19
22
22
23
24
24
25
26
27
27
28
28
28
30

34



1.
2.
3.
4.
5.

7.

8.

9.

10.
11.
12,
13.
14.
15.
16.
17.
18.
19,
20.

21.
22.
23.
24.
2b6.
26.
27.
28.
29.
30.
31.

LIST OF EXHIBITS

Oyster Creek NGS Site & Vicinity

Existing Cooling Water System- _
Condensing System Performance Summary - Existing System
Natural Draft Cooling Tower General Arrangement

Natural Draft Cooling System Flow Diagram

Natural Draft Cooling System Layout

CWS Hydraulic Gradient - NDCT

One Line Diagram - NDCT Power Supply

Circulating Water Quality Analysis - NDCT

Water Treatment System Schematic

Round Mechanical Drafi Cooling Tower General Arrangement
Round Mechanical Draft Cooling System Flow Diagram
Round Mechanical Draft Cooling System Layout

CWS Hydraulic Gradient. - RMDCT

One Line Diagram - RMDCT Power Supply

Circulating Water Quality Analysis - RMDCT

Levelized Energy & Denand Charge

Intake Water Average Monthly & Seasonal Temperatures
Ambient Air Temperatures

Turbine Cycle Heat Balances

a. Valves Wide Open Casne

b. 100% Load

Exhaust Pressure Correction Curve

Natural Draft Cooling Tower Parametric Data

Round Mechanical Draft Cooling Tower Parametric Data
Cooling System Material and Installation Unit Costs

NDCT Investment, Comparable Annual and Capitalized Costs
NDCT Economic Evaluation Curve '

RMDCT Investment, Comparable Annual and Capitalized Costs
RMDCT Economic Evaluat.ion Curve

Condensing System Computer Printout - NDCT

Condensing System Computer Printout - RMDCT

NDCT and RMDCT Component Material and Installation Costs



1.0 SUMMARY

1.1 PURPOSE

The Oyster Creek Nuclear Generating Station {(OCNGS) utilizes
an open cycle cooling system in which the main condenser cooling
water is supplied via a man-made intake canal from Forked River and
then discharged to Oystexr Creek. Although the cooling systen
consistently meets pertinent environmental regulatory limits, there
have been environmental impacts. To determine the benefits and
costs of implementing a cooling system alternative to the existing
condenser cooling system, Ebasco evaluated engineering, cost,
licensing, and environmental factors, of sixteen (16) open cycle
and closed cycle cooling water systems. The study, "Alternative
Cooling Water System Study"”, November 1977 (Reference 1),
identified four "preferred" cooling systems: natural draft cooling
tower, round mechanical draft cooling tower, fan assisted natural
draft cooling tower and discharge canal to bay. Of these four, the
study concluded that the natural draft cooling tower system is the

optimum.

The purpose of this study is to update the technical, economic
and environmental findings of the original study with respect to
the two (2) preferred cooling water alternatives, i.e. natural

draft cooling tower (NDCT) and round mechanical draft cooling tower

(RMDCT).

The technical and economic evaluations are presented in Volume

1. Environmental evaluations are presented separately in Volume 2.

1.2 SCOPE

This study is performed in accord with the scope of work
described in Ebasco’s proposal "Update of Alternate Cooling Water
System Study for Oyster Creek Generating Station”, December 1991.
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The two best closed cooling alternatives from the original
study, the natural draft cooling tower.{NDCT) and round mechanical
draft cooling tower systems (RMDCT), are evaluated. Detailed
information contained in the original study was reviewed and the
information updated for those technical, cost and environmental
aspects that have been superseded based on current plant
conditions, cooling system technology, environmental and regulatory
criteria. For example, cooling system investment and operating
costs are updated for today’s equipment costs, GPUN’s economic
factors, remaining plant operating life, and forecasted replacement

energy costs.,

In this volume technical and economic aspects of the NDCT and

RMDCT alternatives are evaluated in the following tasks:

1) Review the original study and confirm or update the
criteria and assumptions consistent with current site
gharacteristics,plantdesign,performance,environmental
and regulatory reguirements;

2) Update the technical design, including preliminary
design, performance and cost information from a cooling
tower vendor;

3) Update the Ebasco computer program "Economic Selection of
Steam Condensing System" (CSIZE2011), including:

o site, plant and cooling system design features and
performance
major equipment prices, e.g. cooling towers, pumps
balance of plant material and installation costs

GPUN economic factors

1.3 RESULTS

Two arrangements of evaporative cooling towers are evaluated:

a single concrete, hyperbolic natural draft cooling tower (NDCT):

~and two (2) 50% capacity round mechanical draft cooling towers. A
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schematic flow diagram and layout drawing are given for the NDCT in
Exhibits 5 and 6, respectively, and for the RMDCT in Exhibits 12
and 13, respectively. Condensing- system and plant overall
performance, investment costs, and comparable annual costs
including demand and energy charges for differential generation
with respect to the existing system are given in Exhibits 29 and 30

for the NDCT and RMDCT, respectively.

NDCT and RMDCT design and performance parameters are:

NDCT RMDCT
No. Towers 1 2
Flow rate, gpm 416,200 373,100
Range, F 20.2 22.6
Approach Temp, F 12 10
Cold Water Temp, F 86 84
Hot Water Temp, F 106.2 106.6
Base Diameter,ft 409 210
Height, ft 600 62
Pumping head, ft 42 38
Evaporation Loss, % 1.8 2.06
Drift Loss, % 0.001 0.001
No. Fans / Motor HP NA 12 per tower / 200

The proposed cooling tower(s) would be located on the north
side of the plant. Cold water would be pumped by circulating water
pumps through 12 ft (NDCT) or 11 ft (RMDCT) diameter reinforced
concrete conduits to and from the existing circulating water intake

and discharge tunnels. The conduits would be buried.

Circulating water system total head requirement is
approximately 74.4 ft for the NDCT and 68.6 ft for the RMDCT. To
satisfy the intake tunnel design pressure of 41 feet, the total
pumping head is divided between four (4) 800 hp vertical type
circulating water pumps located at the cooling tower and {(4) 1500



- ——

hp horizontal type booster circulating water pumps located in the

hot water return piping.

Circulating water system electric power requirements for pump,
fan and miscellaneous equipment motors are provided using existing
4160 V 1A, 1B and dilution pump switchgear, new 4160 V switchgear

and new 480 V power centers.

Intake water would be used for cooling tower makeup and would
require pretreatment in a brine clarifier/reactivator to reduce the
calcium hardness. Makeup flow would be approximately 15,000 gpm
based on operating the circulating water at 2 to 2.5 cycles of
concentration. Cooling tower blowdown is calculated to be a volume
of about 7,500 gpm and would be piped to the discharge canal.
Clarifier sludge would be dewatered and compacted for offsite

disposal.

Compared to the existing cooling system, the use of cooling
towers will reduce plant net capacity and generation due to higher
turbine exhaust pressure and higher auxiliary power demands. At
design temperature conditions net capacity would decrease by about
15 MW for the NDCT and 19 MW for the RMDCT.

Parameter xist] NDCT __Round MDCT
Design WB Temp, F NA T4 74
Design CW Temp, F 82 86 84
Condenser Pressure, in Hgsa 2.66 3.18 3.24
TG Output, MW 616.8 605.8 604.5
BOP Aux. Pwr, MW 17.5 17.5 17.5
CWS Aux. Pwr, MW 3.2 7.6 10.3
Plant Net Output, MW 596.1 580.7 576.7
Differential, MW Base -15.4 -19.4
Net Generation, MWH/yr 4,039,400 3,939,100 3,923,200
Differential, MWH/yr Base -100,300 ~116,200
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where TG equals Turbine Generatdr, BOP equals Balance of Plant and

CWS equals Circulating Water Systen.

NDCT and RMDCT total investment costs, comparable annual costs
including demand and energy charges for differential net generation
compared to the existing system, and comparable capitalized costs

(based on a 23.42% levelized fixed charge rate) are:

Parameter (1995 $) NDCT Round MDCT
Total Investment Cost, $ 98,550,000 91,100,000
Differential, §$ Base : -7,450,000
Comparable lLevelized Cost, $/yr 33,200,000 33,500,000
Differential, $/yr ’ Base +300,000

Comparable Capitalized Cost, $ 141,800,000 143,000,000
Differential, $ Base 1,200,000

Investment cost includes all costs to erect cooling tower and
basin, pumps, piping, intake and pump house structures, electrical,
water treatment, etc. Comparable levelized cost includes investment
fixed charge, O&M, plus &adjustment (energy/demand charge) for
differential net generation compared to the existing condensing
system. This cost is calculated on an annual basis for the 15 years
from 1995 to 2009 when the plant’s operating license expires.
Comparable capitalized costs = total comparable capitalized

cost/levelized fixed charge rate.

1.4 CONCLUSIONS

Incorporation of either cooling tower alternative appears
technically feasible subject to more detailed engineering and cost
gstudies of the cooling tower, circulating water pipe, water
treatment equipment arrangements, electric power supply,
circulating water pump total head and system operétional



requirements with respect to limitations of the existing cooling

system (i.e. intake tunnel clesign pressure).

The economic impact of either the NDCT or RMDCT is high due to
gsignificant investment cost and reduced net generation. Total

comparable costs are essentially equal.



2.0 DISCUSSION

2.1 METHODOLOGY

The original study evaluated and selected the natural draft
and round mechanical draft cooling tower systems as "preferred"
based on cost and environmental considerations. For this study,
these cooling system alternétives
are evaluated technically, economically and environmentally based

on today’s criteria.

Compared to the existing cooling system, incorporation of an
alternative cooling system utilizing cooling towers will reduce
plant net output. Cooling water temperature is warmer, resulting in
higher condenser pressure and reduced generator output. Station
auxiliary power consumption increases from greater circulating

water pump power and cooling tower fans,

Each cooling system is fechnically and economically evaluated
to identify the optimum design using Ebasco’s computer program
"Economic Selection of Steam Condensing System"” which was used in

the original study. Program description is given in Appendix A.

Cooling system alternatives are evaluated in two levels of
detail. In the first level of detail a cooling system economic
optimization study is performed on a comparative basis to identify
the technically acceptable and economically preferred NDCT and
RMDCT system pfocess specifications. The evaluation is based on
cooling tower design, performance and cost parameters provided by
a cooling tower vendor for alternative cold water and range
temperature conditions. In the second level of detail, the cooling
tower vendor provides refined design, performance, and cost data
for the specific optimized cooling tower specifications. This data
is used to perform more detailed engineering, economic and

environmental evaluations.
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2.2 COOLING SYSTEM DESCRIPTION
2.2.1 EXISTING COOLING SYSTEM

Exhibit 1 shows the Oyster Creek NGS site bounded by Barnegat
Bay to the east, Forked River to the north and Oyster Creek on the
south. The condenser cooling system, Exhibit 2, is an open-loop
cooling system whereby the condenser heat load is ultimately
discharged to Barnegat Bay via intake and discharge canals
connecting Forked River and Oyster Creek, respectively. Four
circulating water pumps convey the mixture of salt and fresh water
from Barnegat Bay and Forked River through the intake canal and
the condenser to the discharge canal. Circulating water pumps are
located in the intake canal. A dam separates the intake and

discharge canals.

The turbine exhaust steam condenser consists of three single-
rass, single pressure shells manufactured by Worthington. The
original tube material was replaced with titanium in the early

19708, Condenser design parameters from References 2a and 2b are:

No. Shells . 3

Surface Area per Shell 141,000 sq ft
Cooling water flow per Shell 150,000 gpm

No. Tubes per Shell 14,562

Tube Length 42.5 ft

Tube Material Titanium

Tube Diameter x Wall Thick. 7/8 in x 22 BWG
Tube Cleanliness Factor 96%

The condenser is supplied by four (4) 115,000 gpm, 28.5 ft
TDH, 1000 HP vertical type circulating water pumps located at the
intake canal pump house. The intake canal also supplies three (3)
800 hp dilution pumps that may be used to regulate discharge canal

water temperature.

11



Cooling water is conveyed from the intake canal through the
condenser to the discharge canal via 10.5 ft x 10.5 ft concrete
intake and discharge tunnels. Tunnel, condenser pipe and valve

arrangement facilitates condenser tube backwashing.

The circulating water system intake tunnel has a design
pressure of 41 ft which restricts the maximum allowable circulating
water pump discharge pressure, the number of pumps and condenser

water boxes in service, and condenser backwash procedures

(Reference 2c).

The performance of the existing condensing system, turbine
generator output and plant net generation is calculated in Exhibit
3. At the average annual cold water temperature, the existing
condensing system produces nominally 640 MW gross.In order to allow
for comparability with the cooling tower alternatives, the existing
condensing system was evaluated at an equivalent ambient

temperature. This results in an 84 F cold water temperature.

Existing Condensing System
Parametersg

Cold Water Temp, F 84

Condenser Pressure, in Hga 2.66

TG Output, MW 616.8

BOP Aux. Pwr, MW 17.5

CWS Aux. Pwr, MW 3.2

Plant Net Output, MW 596.1

Net Generation, MWH/yr 4,039,400
2.2.2 NATURAL DRAFT COOLING TOWER SYSTEM

NDCT arrangement, system flow diagram and site layout are
given in Exhibits 4, 5 and 6, respectively. A single cooling tower
can handle the total condenser and auxiliary service water heat

load and flow requirement.

12



Major equipment includes:

o hyperbolic counterflow natural draft cooling tower and
‘basin _
horizontal and vertical circulating water pumps {8 total)
circulating water concrete conduit

circulating water pump house

electric switchgear, cables

makeup water pumps, piping

makeup water treatment system

water treatment sludge disposal system

blowdown water piping

condenser tube cleaning system

o 0 0 0o 0o 0 o O O

00lij oW

The natural draft or hyperbolic counter flow cooling tower
relies on the structure’s "chimney" effect to induce ambient air to
flow upward through the tower "fill"., Hot circulating water flows
over the fill and is cooled by the air flow via evaporative and

convective cooling.

One NDCT is required. Cooling tower design, performance and
budget cost data for comparative analyses is shown in Exhibit 22.
Data are provided for towers with approach temperature from 12 to
16 F and range temperatures from 16 to 24 F. The economically

optimized tower is approximately 600 ft tall and has a base

diameter of 409 ft.
ircu i | Co it
The cooling tower is assumed to be located at the north side

of the plant. Reinforced concrete conduit convey the circulating
water between the cooling tower and existing intake and discharge

tunnels.

13



The design pressure of the intake tunnel is 41 ft. This limits
the allowable circulating water pump discharge pressure. For closed
cooling alternatives utilizing cooling towers that have a high
total head (for the NDCT system approximately 74 ft), the overall
system pumping head requirement is minimized by the use of large
diameter conduits. Furthermore, the intake tunnel pressure
limitation requires that the total pumping head be shared between
two sets of circulating water pumps. One set of four (4) CW pumps
are located in the coocling tower basin and a set of four (4)
booster CW pumps are located in the return piping to the cooling

tower,

The TDH of each pump must be specified such that the following

criteria are met:

a. cumulative pump head equals the sum of pipe friction,
condenser friction and cooling tower pumping head;
b. the intake tunnel 41 ft pressure limit is not exceeded
A during all operating modes;
C. main and booster circulating pump NPSH requirements are
met;
d. maximum siphon head is not exceeded (typically 25-26 ft).

A CWS hydraulic .grade line given in Exhibit 7. For the
optimized case, the circulating water flow rate is about 416,000
gpm and the reinforced concrete conduit diameter is 12 ft. Total
conduit length is about 2,900 ft. Vertical circulating water pump
head is 26.4 ft and the horizontal booster circulating water pump
head is 48 ft. Intake tunnel pressure is 39 ft and condenser siphon

head is about 19.5 ft.
ectri 1

Cooling system electric power reguirements for the circulating
water pumps, makeup water pumps, water treatment equipment, valve

motors and miscellaneous equipment will be supplied from existing

14



4160V buses 1A, 1B, and dilution plant switchgear, new 4160V
switchgear, new 480V power c¢enters and motor control centers.

A conceptual one line diagram of the major electrical
components of the NDCT power supply is shown in Exhibit 8. The
existing 4160 V switchgear buses 1A and 1B will be used to supply
the four (4) new 800 hp circulating water pumps., The existing
dilution pump 4160 V switchgear would feed two (2) 1500 hp booster
pumps, an 400 hp makeup water pump and a new 480 V power center #1.
A feed is provided from startup transformer SB to new 4160 V
switchgear to supply the other two (2) booster pumps, makedp water

pump and new 480 V power center #2.
ake Water eatmen

Intake canal water is used for cooling tower make-up. Intake
water analysis from the original study is analyzed in Exhibit 9.
Calcium hardness must be reduced by lime softening. The reduced
hardness will enable the cooling tower to operate between 2 to 2.5
cycles of concentration. At the design wet bulb temperature the
makeup water rate is approximately 15,000 gpm. About 7,600 gpm is
lost to evaporation and 7,500 gpm is discharged to the discharge
canal., Makeup water is supplied by two (2) 50% capacity 400 HP
pumps which would be located in the existing intake canal CW pump

house.

Water treatment schematic diagram is shown in Exhibit 10. Raw
water is pumped to the brine clarifier/reactor where chemicals are
added to enhance the removal of calcium hardness. The treated
effluent is discharged to the cooling tower. The excess sludge is
collected and discharged to a thickener where it is further
concentrated before it is sent to a filter press to be dewatered to

a truckable solid for offsite disposal.

15



2.2.3 ROUND MECHANICAL DRAFT COOLING TOWER SYSTEM

Cooling tower arrangement, system flow diagram and layout for
the Round Mechanical Draft Cooling Tower (RMDCT) system are given
in Exhibits 11, 12 and 13. Major equipment is the same as for the
NDCT except that two (2) RMDCT are required, and 2 additional new

480 V power centers are required to supply the cocoling tower fans.

oolj Tow

The round mechanical draft cooling tower utilizes fans to
induce the air to flow through the cooling tower. Cooling tower
design, performance and cost data for comparative purposes are
given in Exhibit 23. The two (2) cooling towers are assumed tao be

located north of the plant. Basin water flows to a common intake

pump structure.
irculati Water Co it

Conduit diameter would be 11 ft based on the optimized case
flow of 373,000 gpm. Hydraulic gradient is shown in Exhibit 14,
Circulating water system total head is 68 ft, which is divided
between the main circulating water pump (26.1 ft) and the booster
pump (42.5 ft). Inteke tunnel pressure is 39 ft and the condenser

siphon head is 16.8 ft.

lectric_ Pow Su

A conceptual one line diagram of the major componeﬁts of the
RMDCT power supply system is shown as Exhibit 15. Power sﬁpply from
existing and new 4160 V switchgear for the four CWPs, fo$r booster
CWPs, two makeup water pumps and two 480 V power centefs are the
same as for the natural draft cooling tower. Two additional 480 V

power centers are provided for the cooling tower fans.

16
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Mak Watepr T t

The system is the same as for +the NDCT. Circulating water
analysis is shown in Exhibit 16. At the design wet bulb temperature
the makeup water flow is 15,400 gpm based on an evaporation loss of
7,700 gpm and blowdown flow of 7,700 gpm.

2.3 COOLING SYSTEM OPTIMIZATION INPUT DATA
2.3.1 COOLING SYSTEM PARAMETER ALTERNATIVES
dens u water v it

The existing condenser design flow rate is 450,000 gpm and the
condenser tube water velocity is 6.3 ft/s. The condenser tube
velocity affects the cooling water temperature rise, flow rate,
condenser pressure and generator power output. Higher tube velocity
results in higher generator output due to better condenser heat
transfer performance and reduced turbine exhaust pressure. But the
higher flow rate increases the cooling tower cost, pump head and
pump power. Lower tube velocity results in lower generator output,
but also lower cooling system cost, pumping head and power.

Titanium condenser tubes may be expected to operate
satisfactorily over a wide velocity range. For optimization of new
cooling water systems the economically preferred titanium tube
design velocity is typically between 6 to 12 ft/s. However for this
study, in which the existing condenser and circulating water
conduits are fixed designs, the water velocity was evaluated over
the range of 5.0 ft/s to 7.2 ft/s based on the following

considerations:

17



o low velocity (high cooling water temperature range) to
reduce cooling tower, pump and piping costs, pumping
head, and satisfy the intake tunnel design pressure
limitation; minimum velocity for +the Amertapp tube

cleaning system (for study purposes only) is 5 ft/s;

o high velocity (low cooling water temperature range) to

increase condenser performance and generator output.

Resulting condenser flow rate and water temperature rise
versus tube water velocity, based on the full load condenser duty
of 4110 million Btu/hr (at 1860 MWt), 3 shells and 14,562
tubes/shell (7/8 inch diameter, 22 BWG) are:

Condens Tu

Water Veloci ft/s Condenser Flow, gpm Temp. Rise,F
5.0 ' 359,000 23.6
6.27 ' 450,000 (design) 18.8
7.2 517,000 16.4

where temperature rise = Heat Duty/{(Gpm x 500 X Cp x SG) ; assuming
water equal to 1.5 normal sea water concentration or 50,000 ppm,
Cp = 0.94 and SG = 64.4/62.4 = 1.03.

Cooling Tower Flow Rate

Cooling tower flow equais the condenser flow plus 10,000 gpm
auxiliary service cooling water (flow to the turbine building

closed cooling water heat exchanger).

Cooling Tower Range Temperasture

Cooling tower water range temperature (i.e. hot water inlet
temperature minus the cold water outlet temperature) is governed by

the condenser and auxiliary service water system heat loads and

18



flow rates. For this study, the cooling tower range temperature is

assumed equal to the condenser temperature rise.

Cooling Tower Approach Temperature

Cooling tower cold water temperature performance is governed
by the "approach temperature"” to the ambient air wet bulb
temperature. The ambient wef bulb temperature is the same as in the
original study, 74 F. This equals the mean coincident wet bulb
temperature corresponding to the 2.5% summer (June, July, August,
September) frequency dry bulb temperature (89F) for Atlantic City
as given in Reference 7.

From Ebasco’'s experience with numerous cooling tower economic
evaluations, the economically preferred cooling tower will
generally have a high range temperature {to reduce the flow rate
and capital cost) and low approach temperature (to lower the
condenser pressure and increase generator output). For this study,
the range temperatures described above and the following cooling

tower approach temperatures are considered:

NDCT: 12; 14; 16 F
RMDCT: 8; 10; 12 F

2.3.2 PROJECT FINANCIAL CRITERIA

A. Material and installation cost escalation: 4.1 %¥/yr (reference
3c).

The escalation period is assumed to be three years based on

system operation starting in 1995.

B. Sales/Use Taxes: 5% of direct material cost.

19



E.

F.

G.

Indirect Construction Cost: 15 % of total direct escalated

cost.
Indirect Construction Cost has been estimated as a percentage
of total direct escalated costs based upon.Ebasco’s in house
data.

Indirect Construction Costs include architectural/engineering
and related services such as design, engineering, purchasing,
expediting, inspection, traffic, start-up services,

construction management, locally hired non-manual employees
(secretary, bookkeeper, surveyor), cars, pick-up trucks, site
trailers and office expenses to support a construction

management team at the site.

Contingencies: 14% of total direct and indirect escalated
cost.

The contingency allowance has been estimated as a percentage
of total direct and indirect escalated costs based upon
Ebasco’s experience. It covers the following items: conceptual
quantities for earthwork, concrete, piping, and electrical;
lack of firm pricing for major equipment; and the current
rhase of design (conceptual) for this study.

Interest During Construction: 10%/yr (reference 3a).

Utiljtv's Expensegs: 6% of total direct costs.

This is to cover GPUN's administrative, engineering and
supervisory costs and taxes during construction, and is the

same as used in the original study.

Levelized Maintenance Cost: natural draft cooling tower, 2% of

total investment; round mechanical draft, 3%¥ of total

investment cost plus $3,800 per fan.

20



H.

Levelized Fixed Charge Rate: 23.42 % of the capital cost. This
is the."carrying charge" need to cover expenses for return on

weighted capital, book depreciation, income tax liab;lity,
property taxes and insurance. It is equal to the sum of the
capital recovery factor {(calculated at the rate of return,
below) plus 9.7% from the original study for taxes and
insurance. The economic evaluation period is 15 years from
1995 to 2009 when the plant’s operating license expires.

Rate of Return: 10.78% (reference 3b). This is used to
calculate the levelized replacement energy cost (see item L).

capitalization Average Weight

.Batio Target Cost Return

Long-Term Debt 45% 9.5% 4,28%
Preferred Stock 11% 8.7% 0.96%
Common Stock Equity 44% 12.6% 5,54%
100% 10.78%

Incremental Net Capability Charge: the demand charge is

included in the replacement energy cost (item 1).

Nuclear Fuel Cost: this cost is not required since the fuel

input is constant for all cases.

Levelized Replacemenf; Energy Cost: $77.71 / Mwh.
This is based on GPUN data (Reference 2d) for energy and

demand charges, and is derived in Exhibit 17.

Levelized Makeup Water: $18.23 per million gallons; chemical
treatment, $50 per million gallons. Water cost is based on the

makeup pump replacement power cost. Chemical treatment is
escalated from the original study cost of treatment (e.g.

chlorine, etc.).

21



N. Land Cost: No cost. Both alternatives examined would locate
the cooling tower(s) on land currently owned by GPUN.
Additional land required to meet the noise regulations as
discussed in Volume 2, Section 7.2.3 - Noise Impacts, have

been excluded from this study.

2.3.3 INTAKE CANAL WATER CONDITIONS

Average monthly and seasonal cooling water temperatures used
to determine the performance of the existing condenser system for
comparison against cooling tower alternatives are given in Exhibit

18. Seasonal temperatures are:

mbie jitio CW_Tempera e
Condenser design ' 82 F
Average summer 76 F
Average spring/fall 55 F
Average winter 36 F

2.3.4 AMBIENT AIR TEMPERATURE CONDITIONS

Average monthly ambient dew point and dry bulb temperatures
from Atlantic City, NJ, 1/81 to 12/85 were used to determine the

average monthly and seasonal wet bulb temperature conditions. See

Exhibit 19.
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2.3.5 TURBINE GENEEATOR UNIT PERFORMANCE & LOADING REGIMEN

bin e Heat Ba

The turbine generator is a General Electric TC6F-38 LSB unit
with Valves Wide Open (105% flow) gross output and. heat rate of
670,005 Kw and 9,797 Btu/Kwh at 1.0 in HgA exhaust pressure.
Reactor thermal output is 1930 MW. Throttle steam conditions are
6,834,590 1b/hr at 965 psia and 1191,2 Btu/lb. Condenser heat duty
is 4,360 MMBtu/hr. Exhibits 20a and 20b illustrate the turbine
cycle heat balances for the Valves Wide Open case and the 100% load

case, respectively.

Generator output may be calculated for wvarious exhaust
pressures using exhaust pressure heat rate correction factors shown
in Exhibit 21 and the following equation:

Change in Kw = (~X Change in Heat Rate)*100/(100-% Change in
Heat Rate)

The plant is assumed for this study to operate (base loaded)
equivalent to a 75% capacity factor. For study purposes, the
turbine generator is assumegi to operate at 100% guaranteed load
gross output and heat rate of 640,757 Kw and 9,821 Btu/Kwh,
respectively, at 1.0 in HgA exhaust pressure, for 6.75 * 8,760
hr/yr = 6,670 hr/yr. Reactar thermal output is 1860 MW. Throttle
steam conditions are 6,509,130 1b/hr at 965 psia and 1191.2 Btu/lb.
Condenser heat duty is 4,110 MM Btu/hr. '

The turbine cycle heat balance for this case is shown in

Exhibit 20b.
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2.3.6 _ CIRCULATING WATER SYSTEM LAYOUT

Piping layout is shown in Exhibits 6 and 13 for the NDCT and
MDCT, respectively. The cooling tower is located on the north side
of the plant for both layouts. New piping connects the cooling
tower to the existing circulating water conduits. The new conduits
are buried. Since ground water is close to the surface (less than

10 ft), pipe installation is assumed to require sheet piling.

Circulating water system TDH is calculated based on the

following pipe arrangement:

No. Pipes Flow. % Ave Length. ft K-Factor

Existi + f.ake

Main 1 100 2,100 4.5

Branch 1 100 500 3

Branch 6 16.7 150 3
New Condujits

Main - Supply 1 100 1345 o7

Main - Rtn 1 100 1540 1

Branch 4 25 38 1.5
2.3.7 COOLING TOWER PARAMETERS

Preliminary NDCT and RMDCT design, performance and cost
information was received from Marley Cooling Tower Company for the
purpose of comparative evaluations. Cooling tower size, pump head,
fan power, evaporation loss and budget price are given for NDCT and
RMDCT alternatives in Exhibits 22 and 23, respectively.
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PRICING INFORMATION

Pricing Data Stored On Computer

Vertical circulaeting water pump and motor budgetary costs were

obtained from Ingersoll Rand Pump Division (reference 5).

Pump Type Vertical, wet pit for salt water
Pump Model 58 APMA

Capacity, gpm 110,000

Total Head, ft 42

Efficiency, % 817

Motor HP/Volt/rpm 15,000/4000/400

Pump Price, $ 300,000

Motor Price, $ 225,000

The above pump and motor prices were used to determine a
"discount factor”" to adjust vertical pump, horizontal pump and
motor price data contained in the computer program. The
discount factor was derived to be equivalent to the combined
cost of a "composite" vertical circulating water pump
consisting of one vertical CW pump and one horizontal booster
CW pump. This was necessary for the computer program to
determine a cost equivalent to two circulating water pumps

arranged in series.

Discount factors used for the "éomposite" vertical pump and

motor were:
Vertical pump: -4.01 on 1968 price list (or a 5.01 multiplier

on the computer price);
Motors: -1.36 on 1975 price list {(or 2.36 multiplier)
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B. Pricing Data Input Directly to Computer

Current pricing data was quoted by vendors or estimated by
Ebasco for major site development, circulating water intake
structures, conduits, cooling towers, electrical equipment,
power cables, local clearing, etc. Pricing data is listed in
Exhibit 24. Land cost for noise abatement was excluded.

2.4 COOLING SYSTEM ECONOMIC OPTIMIZATION RESULTS

The Ebasco computer program "Economic Selection of Steam
Condensing System" was used to evaluate the design, performance,
investment cost and comparable annual costs for NDCT and RMDCT.

Program description is given in Appendix A,

The computer analysis was performed for +the following

alternatives:

Co Water Velocity, (ft/s)
5.0 ~ 7.2 ft/s in steps of 0.2 ft/s

Cooling Water Approach Tem i e ulb temperat
NDCT: 12; 14; 16 F

RMDCT: 8; 10; 12 F

Natural draft and mechanical draft cooling tower technical,
investment cost and annual cost computer results summary for each
approach temperature are given in Appendix B. Investment cost
includes all costs to erect cooling tower and basin, pumps, piping,
intake and pump house structures, electrical, water treatment, etc.
Land costs to meet noise regulations have been excluded from this
study. Annual cost (levelized) includes investment fixed charge,
0&M, plus adjustment (energy/demand charge) for differential net
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generation compared tq the existing condensing system. Capitalized
costs = total annual cost/levelized fixed charge rate (23.42%).

2.4.1 NATURAL DRAFT COOLING TOWER SYSTEM

Total investment cost, comparable annual cost and capitalized
annual cost, are given in Exhibit 25. Investment and capitalized
costs are also graphically shown in Exhibit 26.

NDCT investment costs range from $85 to $116 million,
depending on the tower type, cold water approach temperature, and
tube water velocity (which sets the temperature range and flow
rate)., Capital cost increases as the cold water temperature

decreases and the tube water velocity {(or flow rate) increases.

Comparable capitalized costs varies from $143 million to $167

million.

2.4.2 ROUND MECHANICAL DRAFT COOLING TOWER SYSTEM

Investment, levelized comparable annual and capitalized costs
are presented in tabular and curve form in Exhibits 27 and 28.

Investment cost ranges from $86 to $118 million. Although
these costs are nearly the same as for the NDCT, RMDCT
specifications are more difficult since cold water approach
temperatures are 4 F cooler {e.g 8 to 12 F vs 12 to 14 F for the
NDCT).

Comparable capitalized cost ranges from $144 to $162 million
which is from $5 million lower to $1 higher than the NDCT.
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2.4.3 ECONOMICALLY FPREFERRED COOLING TOWER SPECIFICATION

One the basis of low comparable cost, the economically preferred
NDCT and RMDCT towers have the following specifications:

NDCT RMDCT
Cold approach temperature, F 12 10
Condenser tube velocity, ft/s 5.8 5.2
Condenser range temp, F 20.2 22.6
Cooling Tower flow, gpm 416,200 373,100

Design, performance and cost data for these specific selections are

given in the next section.
2.5 COOLING SYSTEM DESIGN, PERFORMANCE AND COST PARAMETERS

Coocling tower economically optimized specifications were
evaluated by Marley Cooling Tower Company who provided detailed
design, performance and cost information (References 6b and 6c).
This information was analyzed to estimate condensing system

performance, investment and evaluated costs parameters.
2.5.1 Natural Draft Cooling Tower System

Computer printout of NDCT condensing system parameters is
given in Exhibit 29. Hydraulic gradient and circulating water

analyses are given in Exhibits 7 and 9.

Major technical, performance and cost data are summarized

below:
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A.

Natural Draft Cooling Tower

Design Conditions:

Approach to Twb = 74 F
Cooling Range,F
Circulating Water Flow, gpm
CW Temperature, F

Description:

Cooling Tower Type
No. Towers
Diameter, ft
Height, ft

Performance:

Pumping Head, ft

L/G Ratio

Evaporation Loss, %

Max., Drift Loss, %

Sound Power Level @ 50 ft

Sound Pressure Level:

Hz 31,5 63 125 250 500

Db 54 56 56 57 66 6
Budget Price (1992 $):

Ci ati W

Type

Number

Capacity, gpm

Total Head, ft

Motor Rating, hp

Boosgter Circulating Water Pumps
Type

Number

Capacity, gpm
Total Head, ft
Motor Rating, hp

29

12

20.2
416,200
86

Counterflow, concrete

1

0
7

1
409
600

42

1.74

1.8

0.001

121 x 10°-12 Re

00 2000 4000 8000

L4

67 70 69
$22,650,000

Vertical

"4

104,100
28.9
800

Horizontal
4

104,100

48

1500



D, Circulating Water Piping
Type Reinforced Concrete
Diameter 144 in
Pipe Velocity 8.2 ft/s

E. Station Performance
Design CW Temp, F 86
Condenser Pressure, in Hga 3.18
TG Output, MW 605.8
BOP Aux. Pwr, MW 17.5
CWS Aux. Pwr, MW 7.6
Plant Net Output, MW 580.7
*Differential, MW -15.4
Net Generation, MWH/yr 3,939,100
*Differential, MWH/yr -100,300
*Compared to existing cooling system (Exhibit 3)

F. Cooling Svystem Investment and Comparable Costs (1985 $)
Total Investment Cost, $ 98,550,000
Comparable Levelized Ccst, $/yr 33,200,000
Comparable Capitalized Cost, $ 141,800,000

2.5.2 Round Mechanical Draft Cooling Tower System

given in Exhibit 30,

Computer printout of RMDCT condensing system parameters is

Hydraulic gradient and circulating water

analyses are given in Exhibits 14 and 16.

Major technical, performance and cost data are summarized

below:
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A,

Round Mechanical Draft Cooling Tower

Design Conditions:

Approach to Twb = 74 F
Cooling Range, F
Circulating Water Flow, gpm

. CW Temperature, F

Description:

Cooling Tower Type
No. Towers
PDieameter, ft
Height, ft
Fan Deck Height, ft
No. Fans
No. Blades
Fan Diameter, ft
Full/Half Speed
Rpm
BHP
Blade Pass. Freq, cpm

Performance:

Pumping Head, ft

L/G Ratio

Evaporation Loss, %

Max. Drift Loss, %

Sound Power Level @ 50 ft

12

22.6
373,100
84

Counterflow, concrete

2
210
62
48
12
8
28

137/68.5
200/25
1096/548

38

1.404

2.06

0.001

120 x 107-12 Re

Sound Pressure Level @ Full and Half Speed, Db:

Hz 31.5 63
100% 81 82 78 72 70

50% 173 74 66 70 58

Budget Price (1992 $):

rculati W mps

Type

Number
Capacity, gpm
Total Head, ft
Motor Rating, hp

31

70
63

125 250 500 1000 2000 4000 8000
70

68 70
65 72 72

$17,410,000

Vertical
4

83,350
26.1

800



C. Booster Circulating Walter Pumps

Type Horizontal
Number 4
Capacity, gpm ’ 93,350
Total Head, ft 42.5
Motor Rating, hp 1250
b, Circulat Wate iping
Type Reinforced Concrete
Diameter 132 in
Pipe Velocity . 8.8 ft/s

E. Station Performance

Design CW Temp, F 84
Condenser Pressure, in Hga 3.24
TG Output, MW 64.56
BOP Aux. Pwr, MW 17.56
CWS Aux. Pwr, MW 10.3
Plant Net Output, MW b76.17
*Differential, MW -19.4
" Net Generation, MWH/yr 3,923,200
*Differential, MWH/yr  -116,200

*Compared to existing cooling system (Exhibit 3)

F. vestment a arable 995
Total Investment Cost, $ - 91,100,000
Comparable Levelized Cost, $/yr 33,500,000
Comparable Capitalized Cost, §$ 143,000,000

The seperate component material and installation differential
costs from Exhibit 29 (NDCT} and Exhibit 30 (RMDCT) are shown in

Exhibit 31.
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EXHIBIT 3
Condensing System Performance - Existing Cooling System
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EXHIBIT 4
Natural Draft Cooling Tower General Arrangement
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EXHIBIT 6
Natural Draft Cooling System Layout
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EXHIBIT 7

CWS Hydraulic Gradient - NDCT
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EXHIBIT 8

One Line Diagram'- NDCT I;ower Supply
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EXHIBIT 9
Circulating Water Quality Analysis - NDCT

Calons Raw Water Concen Racirc Wtr  Concen
as lons 23 CaCO3 s fons 33 C2C03
Ppm ppm epm ppm
Calklum 180 44838 360 897.76
Magnesium ars 154321 750  2086.42
Potassium 256 32737 512 634.73
Sodium 8033.62 1746439 16067.24 34928.78
Total cations 884462 19783.84 17689.24 39367.68
Anions
Bicarbonsle a7 35.00 70 5738
Carbonala 1] 0.00 0 0.00
Sulfate 1816 1889,70 3844.12 3782.01
Chloride 12880 17858.18 25360 3571831
Fuoride (] 0.00 [} 0.00
Nitrate 0 0.00 0 6.00
Total anions 145387 19783.88 2907412 39567.69
Shica, ppm 18 14.54 38 29.88
on, ppm 08 1.07 120 243
Manganess, ppm 0.01 0.02 0.02 0.04
Carbon Diaxide, ppm 7.84 893 2.00 228
Aluminum, ppb 0.000 0.000
Cadminum, ppb ©0.000 0.000
Coppef, ppb 0.000 0.000
Chrominum, ppb 0.000 0.000
Fluorine, ppb 0.000 0.000
Nickel, ppb 0.000 0.000
Vanadium, ppb 0.000 0.000
Zinc, ppb 0.000 0.000
T degrees F &5 1062
T degrees C 1833 1.2
M alksknity (CaCO02) 3500 5738
pH measured 6.95 7.66
Nautral pH 7114 8.75 -
TOS, ppm  23409.768 4880258
Langelier index -139 0.48
Ryznar Index 8.73 873
Using the LL-This watarIs Corrosive Sials Forming
Concantration factor 11.01 S.11
Conductivily,microhms/cm  29830.65 99251.04
Cyclas of Concentration 2
Sulfutie acid fequired 119153 LBS/OAY 81,06 GALSDAY
Seodium for balancs 8033.62 .
45

COOLING TOWER CALCULATION

AMBIEENT CONDITION 83F °
RECIRCULATION RATE 418,200GPM *
INLET TEMP T1 86°F *
QUTLET TEMP T2 106.2°F *
TEMP DIFF. 202 °F
WET 8ULB TEMP 74°F °
EVAPORATION RATE 7,491.60 GPM
CYCLES OF CONCEN 2
ORIFT 4.18 GPM
BLOWDOWN 7.487.44 GPM
MAKEUP 14,883.20 GPM



EXHIBIT 10
Water Treatment System Schematic Diagram
NDCT and RMDCT
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EXHIBIT 11
Round Mechanical Draft Cooling Tower General Arrangement.

Ebasco Specification
Mechanical Draft Cooling Tower
{Counterflow Type — Typical Round Concivts)
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EXHIBIT 13
Round Mechanical Draft Cooling System Layout
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EXHIBIT 14
CWS Hydraulic Gradient - RMDCT
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EXHIBIT 15
One Line Diagram - RMDCT Power Supply
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s ons 88 CaCO3 as ions as CaC03
ppm pom ppm
Cakeium 180 4458 360 897.76
Mapnesivm s 1543.2¢ 750 3086.42
Potassium 258 an 512 634.73
Sodium BOX3.62 174840 16087.24 I8
Total cations 8644.62 1976304 17689.24 36567.69
Anjons .
Bicarbonsis a7 3800 70 31.38
Carbonaie o aoo 0 - 000
Suifate 1818 1883.70 644,12 3792.0¢
Chioride 12880 17858.15 23360 5718.21
Fluoride 0 0.00 [} 0.00
Ntrata 0 [eXe /] [} 0.00
Total anlons 14538.7 1978383 29074.12 38567.69
Silica, ppm 18 1494 B 29.88
{ron, ppm 0.8 1.07 1.20 215
Manganese, ppm o0 0.02 0.02 0.04
Carbon Dioxide, pon 7.84 [§-<] 2.00 228
Aluminum, ppd 0.000 0.000
Cadminum, prb ,0.000 0.000
Coppet, ppb 0.000 0.000
Chrominum, ppd Q.000 0.000
Fluorine, ppb ©0.000 0.000
Nicke!, pcb 0.000 0.000
Vanadium, ppb €.000 Q.000
Zine, ppb 0.000 0.000
T degrees F s 106.8
T degrees C 1.0 41,44
M aficainky (CaCO3) 35.00 57.38
pH measured 495 1.68
Neutral pH EA}] 6.75
TODS, pom  23403.766 4851258
Lanpehet index -1.38 0.47
Ryznas index .73 en
Uning the LI-This waler is Corrosive Scait Forming
Concentration factor 11.01 S1
wity, microhms/ern  29630.65 99624.00
Suylfuric acid required 1222.4) LBS/OAY 83.15 GALS/DAY
Sodum for batance 8033.62
52

EXHIBIT 16
Circulating Water Quality Analysis - RMDCT

COOLING TOWER CALCIRATION

AMBIENT CONDITION | MF *
RECIRCULATION RATE 00 GPM
INLET TEMP T1 BA°F *
OUTLEY TEMP T2 1086°F *
TEMP DIFF, 226 °F
WET BULB TEMP T4°F *
EVAPORATION RATE 7,683.85 GPM
CYCLES OF CONCEN 2
DRIFT A7 GPM
BLOWDOWN 7,682.13 GPM
MAKEUP 15.371.72 GPM



Rate of Return:

1991
1992
1993
1994
19956
1996

1997 -

1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009

Sum

Energy
Yalue

28.00
28.90
32.30
32.90
38.20
42.40
46.20
50.00
556.50
60.60
57.30
71.00
78.50
88.20
96.30
103.50
113.00
117.50
144.40

EXHIBIT 17
Levelized Energy and Demand Charge

10.78%

Capacity

Charge Total

7.25
7.63
8.02
8.44
8.89
9.41
9.96
10.566
11.21
11.90
12.65
13.46
14.30
15.20
16.15
17.19
18.31
19.50
20.74

Levelized Replacement Power Cost

Reference #24d:

36.25

36.53

40.32
41.34
47.09
51.81
66.16
60.56
66.71

72.50.

69.95
84.45
92.80
103,40
112.45
120.69
131.31
137.00
165.14

Present

¥rth Fct

1.0000
0.9027
0.8148
0.7366
0.6640
0.5994
0.5410
0.4884
0.4409
0.3980
0.3592
0.3243
0.2927
0.2642
0.2385

8.0637

$ 626.63 Mweh / 8.0637

$ 77.71 / Mweh

Value

47.09
46.717
45.76
44.55
44.29
43.45
37.85
41.24
40.91
41.16
40.40
39.14
38.44
36.20
39.39

626.63

Informatiom from GPUN, T. Ruggiero (GPUN) to

F. Kuo (ESI) on 4/7/92.
Costs ($/Mweh),
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Replacement Power

1991 to 2009, dated 5/1/91.



EXHIBIT 18
Intake Water Average Monthly & Seasonal Temperatures
Avernge
Year 1976 1977 1978 1979 . 1980 276-80
Mea
57.9 57.4 56.3 58.5 56.5 57.3
Mont ve e
January 33.1 32.2 34.9 37.0 35.4 34.5
February 39.4 35.8 34.5 34.5 33.3 36.6
March 48,2 47.3 41.7 47.17 39.9 45.0
April 57.9 57. 53.2 54.3 53.6 55.3
May 68.0 65.1 60.3 66.4 62.8 64.5
June 78.4 70.6 73.2 74.8 70.9 73.6
July 80.1 78.4 77.0 77.7 79.2 78.5
August 7909 79.5 7808 7900 7907 7904
September 73.9 72.5 69.4 73.2 75.6 72.9
October 68.8 58.1 59.5 61.2 60.6 59.6
November 44.2 51.1 51.1 52.9 46.2 49,1
December 32.2 39.2 40.3 40.6 38.3 38.1
a v _F
Sunmer 78.1 75.3 74.17 76.2 76.4 76.1
(J,J,4,8)
Spring 55.56 56.8 53.2 56.5 52.7 54.17
/Fall
(M,A,M,0,N) ~
Winter 34.8 35.7 36.6 37.5 35.7 36.1
(D,J,F)
Reférence: The Ichthyofauna of Barnegat Bay, New Jersey -~

Relationships between Long Term Temperature
Fluctuations and the Population Dynamics and Life
History of Temperature Estuarine Fishes During a
Five Year Period, 1976-1980 by James J Vouglitois
Thesis submitted to The Graduate School of Rutgers,
The State University of New Jersey, January 1983.
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EXHIBIT 19
Ambient Air Temperatures

Month Dew Point Dry Bulb . Wet Bulb

(F) (F) (F)
January 20.2 28.1 25.0
February 28.4 38.7 33.5
March 29.9 41,2 36.7
April 39.5 51.3 45.0
May 50.3 61.3 55.0
June 59.6 71.0 63,5
July 64.7 76.8 68.5
August 64.1 74.2 67.5
September 57.5 66.8 61.0
October 49.3 57.1 52.5
November 39.7 47.5 43.2
December 29.2 37.5 34.0

Cooling tower design and average seasonal wet bulb
temperatures used in determining circulating water
temperatures are:

Ambient Condition Vet B em
Cooling tower design T4 F
Average summer (Jun, Jul, Aug, Sep) 65 F
Average spring/fall (Mar, Apr, May, Oct, Nov) 47 F
Average winter (Dec, Jan, Feb) 31 F
Reference: National Climatic Data Center in Asheville, NC

CD-144 Format 1981 to 1985 for Atlantic City, NJ
Airport
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EXHIBIT 21
Exhaust Pressure Correction Curve
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EXHIBIT 22
Cooling Tower Parametric Data -~ NDCT

Heat Duty, 10E6 Btu/hr 4300 Design Wet Bulb, 74 F
Cooling Water Seawater

Range, F 16 16 16 16
Approach, F 10 12 14 16

CW Flow, gpm 554,100 554,100 554,100 564,100

Marley Model No.

Number of Towers

Diameter, ft Too difficult for natural draft cooling
tower

Height, ft

Pumping Head, ft

L/G Ration

Evaporation Loss, %

Price, $ million

Range, F 20 20 20 20
Approach, F 10 12 14 16
CW Flow, gpm 443,200 443,200 443,200 443,200
Marley Model No. 8600237 8550232 8550222
-5.5-410 -5.0-406 -4.5-369
Number of Towers 1 1 1
Diameter, ft Too 415 411 374
Height, ft difficult 600 550 560
Pumping Head, ft for 42 42 38
L./G Ratio NDCT 1.803 1.87 2.04
Evaporation Loss, % 1.8 1.8 1.8
Price, $ million 23,11 22.25 19.61
Range, F 24 24 24 24
Approach, F 10 12 14 16
CW Flow, gpm 369,400 369,400 369,400 369,400
Marley Model No. 8570237 8550237 8550227 8500212
-5,0-410 ~-4.5-393 -4.5-352 -4.5-3xx
Number of Towers 1 1 1 1
Diameter, ft 415 398 356 338
Height, ft 570 550 550 500
Pumping Head, ft 44 43 40 as
L/G Ratio 1.46 1.52 1.69 1.89
Evaporation Loss, % 2.2 2.2 2.1 2.1
Price, $ million 22,725 21.215 18.48 16.56

Reference 6a: Marley Cooling Tower Company, S. Assman (MCT) to F.
Kuo (ESI) on 5/5/92 -~ Natural Draft and Round
Mechanical Draft CT Parametric Technical and Cost
Information For Comparative Study
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EXHIBIT 23
Cooling Tower Parametric Data - RMDCT

BN NN I S5 W WD WS mSn W T e e e e e mer e me

Heat Duty, 10E6 Btu/hr 4300 Design Wet Bulb, 74 F
Cooling Water Seawater
Range, F 16 16 16 16
Approach, 8 10 12 14
CW Flow, 554,100 554,100 554,100 564,100
Marley Model No. 8294 8262 8242 8242
"'600-16 -6-0_15 -600-16 "6.0_12
Number of Towers 2 2 2 2
Diameter, ' 260 234 219 219
Height, ft 67 64 61 60
Pumping Head, ft 43 40 31 36
No. Fans/Fan BHP 16/193 16/193 16/192 12/193
L/G Ratio 1.367 1.592 1.824 2.066
Evaporation Loss, % 1.6 1.5 1.5 1.5
Price, $ million 26.55 21.51 19.01 18.8
Range, F 20 20 20 20
Approach, 8 10 12 14
CW Flow, 443,200 443,200 443,200 443,200
Marley Model No. 8263 - 8233 8214 8216
Number of Towers 2 - 2 2 2
Diameter, 235 212 197 199
Height, ft 66 62 69 659
Pumping Head, ft 41 38 36 35
No. Fans/Fan BHP ‘167192 16/192 16/192 16/192
L/G Ratio 1.247 1.46 1.669 1.887
Evaporation Loss, % 1.9 1.8 1.8 1.8
Price, $ million 21.9 17.65 15.916 15.49
Range, F 24 24 24 24
Approach, 10 12 14 16
CW Flow, 369,400 369,400 369,400 369,400
Marley Model No. 8233 8209 8210 8194
-lsco-ls —600"18 "600"'12 "6.0"12
Number of Towers 2 2 2 2
Diameter, 212 193 194 181
Height, ft 63 60 59 57
Pumping Head, ft 39 36 a5 34
No. Fans/Fan BHP 16/192 16/192 12/192 127192
L/G Ratio 1.174 1.373 1.5669 1.768
Evaporation Loss, % 2.1 2.2 2.1 2.1
Price, $ million 17.65 15.41 14.78 13.3

Reference 6a: Marley Cooling Tower Company, S. Assman (MCT) to F.
Kuo (ESI) on 5/5/92 - Natural Draft and Round
Mechanical Draft CT Parametric Technical and Cost
Information For Comparative Study
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EXHIBIT 24 Sheet 1 of 2
Cooling System Material and Installation Unit Costs

Major Site Development

Units Material Installation

a. NDCT $1000 12,600 5,900
b. RMDCT $1000 12,800 6,200

Includes capital cost for general clearing and grading,
maintenance roads, lighting, cathodic protection, condenser
tube cleaning system, valving facilities, power wiring to
pumps; instrumentation wiring and controls, and water
treatment facilities (e.g. make-up water clarification and
blowdown sludge removal).

Circulating Water Pump Intake Structure

Units Material Installation
a. NDCT $/cu ft 7.72 20.25
b, RMDCT $/cu ft 7.72 20.25
Reinforced Concrete Pipe

Units Material Installation
a. Pipe Dia: 72" $/ft 206 403
b. 84" $/f¢t 276 459
C. 132" $/ft 458 696
d. 144" $/ft 521 733
e. 150" $/ft 553 752
"CW Pump Installation 10% of material cost
CW Pump Motor Installation Cost 4% of material cost
Cooling Tower Basin Excavation

Grading & Backfilling Units Material Inst io

a. NDCT $/cu ft 5.95 36.54
b. RMDCT $/cu ft 7.79 44.21

Unit Auxiliary Transformer

Units
a. Material $/MVA 12,619
b. Installation $/MVA 2,260
60



10.

11,

12,

EXHIBIT 24 Sheet 2 of 2
Cooling System Material and Installation Unit Costs

Power Cable
Material Installation
($/MVA/ft) ($/MVA/TtL)

a. HV Cable to Intake Switchgear * *
b. Cable from Intake Swgr to a CWP % x
C. Cable from Power Center to a Fan 140 234.7

- % Included in major site development

Control Wiring

Units Ma i 8 Installation

a. Circ Water Pump $/punp/ft * *
b. MDCT Fan $/fan/ft 2.25 10

¥ Included in major site development

Instrumentation & Control

Units teri In atio
a. CW Pumps $/pump 9,400 4,600
b. CT Fans $/fan 2,600 1,900

CWP Switchgear
Included in major site cdevelopment.

Fan Power Center

Unit
a. Material $/Cntr 291,000
b. Installation $/Cntr 19,000

Nine fans per power center. Includes transformer, breaker and
required switchgear.
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EXHIBIT 25
NDCT Investment, Comparable Annual and Capitalized Costs

Cooling Water Condenser Tube Investment Annual Cost Capitalized

Approach Water Velocity Cost w/Adjustment Cost
F ft/sec $1E6 _$1000 $1E6
12 5.00 895.29 34230 146.16

5.20 96.49 33921 144.84
5.40 97.44 33694 143.87
5.60 98.72 33622 143.56
5.80 99,56 33493 143.01
6.00 103.33 341173 145.91
6.20 105.27 34439 147.05
6.40 107.08 34721 148.25
6.60 109.30 35146 150.07
6.80 110.92 35515 151.64
7.00 113.06 36082 154,06
7.20 115.72 36810 157.117
14 5,00 89.10 34435 147.03
5.20 91.69 34486 147.25
5.40 93.66 34443 147.07
5.60 95.89 34536 147.4686
5.80 97.62 34608 147.77
6.00 101.83 35400 151.15
6.20 104.01 35721 152.52
6.40 106.04 36057 153.96
6.60 108.46 36533 155.99
6.80 110,86 37047 158.19
7.00 112.93 37515 160.18
7.20 115.41 38124 162.78
16 5.80 91.58 35100 149.87
5.60 90.06 35164 150.15
5.40 88.46 35269 1560.59
5.20 86.44 36361 150,94
5.00 84.84 35618 152.08
6.00 95.23 35642 152.19
6.20 58.47 36117 154.21
6.40 101.68 366417 156.48
6.60 104.22 37066 1568.27
6.80 107.10 37654 160.78
7.00 109.37 38125 - 162.79
7.20 113.31 39060 166.178

Note: 1995 dollars;for computer printout see Appendix B Sheets 1-3.
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EXHIBIT 28
NDCT ECONOMIC EVALUATION CURVE
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EXHIBIT 27
RMDCT Investment, Comparable Annual and Capitalized Costs

Cooling Water Condenser Tube Investment Annual Cost Capitalized

Approach Water Velocity Cost w/Adjustment Cost
F ft/sec - __$1E6 $1000 $1E6
8 5.00 94,26 33735 144.04
5.20 96.49 33921 144.84
5.40 98.60 34279 146.37
5.60 100.94 34753 148.39
5.80 103.00 35189 150.25
6.00 106.13 35994 153.69
6.20 108.25 36571 166.15
6.40 110.38 37184 158.717
6.60 111.84 37654 160.78
6.80 113.566 38227 163.22
7.00 115.07 38774 165.56
7.20 118.04 39735 169.66
10 5.00 88,51 33876 144 .65
5.20 90.23 33879 144.66
5.40 91.37 33797 144.31
5.60 92.83 33870 144.62
5.80 94.54 34063 145.44
6.00 87.27 34692 148.13
6.20 98.63 35011 149.49
6.40 100.41 35472 161.46
6.60 102.22 35980 153.63
6.80 103.73 36470 155.72
7.00 104.83 36894 157.53
7.20 107.80 37841 161.58
12 5.00 85.64 34373 146.77
5.20 86.95 34334 146.60
5.40 87.88 34296 146.44
5.60 89.24 " 34440 147,05
5.80 80.49 34602 147.75
6.00 93.28 35141 150.05
6.20 94.42 36258 150.55
6.40 95.99 35538 151.74
6.60 97.62 35879 1563.20
6.80 898.59 36179 154.48
7.00 99,88 36690 156.23
7.20 101.62 37154 158.64

Note: 1995 dollars;for computer printout see Appendix B Sheets 4-6.
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EXHIBIT 30
Condensmg System Computer Printout - RMDCT
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EXHIBIT 31

RMDCT and NDCT Component Material and Installation
Differential Costs
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APPENDIX A

COMPUTER PROGRAM FOR
COOLING WATER SYSTEM SIZIKG
AND ECONOMIC EVALUATION



S,

A, INTRODUCTION

The input data to the computerized optimization program for the selection
of & steam condensing system based on costs i{s comprised of the equipment
design variables, the heat rates, layout information, and system loads as
well as equipment, material and labor pricing {nformation, The program,
utilizing these inputs together with mathematical, theoretical and design
assumptions, selects and develops cooling system features and cowponents
including concrete or earth structures (such as intake structures or cool-
ing tower basins), circulating water main and branch conduits, circulating
water pumps and motors (and condenser shells and tubes, £{f necessary). The
cost impact of the differential unit transformera' (wain, auxiliary and
startup) iize, vhich depends on the cooling water system power requirements,

43 also considered.

B.  COMPUTER PROGRAM

The program selects, anzlyzes and prices all the system components as
follows:
(1) The size of the circulating water pumps, motors and condensers

(1f necessary) is determined from design formulas and the costs
calculated based or the latest pricing lists available assuming

reasonable discounts.

{2) The intake structure size is calculated from general désign relation~
ships and priced volumetricsally ($/cu £t of structure).

(3) Cooling tower dats is calculated as a function of approach to the
wet bulb temperature and the cooling range based on the input dats.

(4) The optimum size of the circulating water conduttl.it selected based
on a cost snalysis of fixed and annual charges (investment and fuel
cost)

(5) The suxiliary power demand and annual energy consumption for the

cooling water system are determined from the units loading schedule,
circulating water punp and cooling tower fan design and mode of

operation data.
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(6) Makeup water consumption and water treatment chemical cost s cale
culated as a function of evaporation rate, drift losses and cycles

of concentration in the circulating wster circuit.

For each case the economic analysis includes the determi{nation of initial in-

vestment cost and annual system cost (fixed charges on the investment cost

plus the annual operating and smintenance costs). These costs include {tems

related to condenser cooling systems only and do not represent total plant

costs.

1, lnvestment Costs

The total investoent cost consists of estimated major site development cost

associated with each alternative cooling system plus computerized varisbls

costs., The wmajor site development cost, included in the overall computerized
optimization program for each of the alternative cooling systems, i{s estimsa-

ted based on information shown on plot plans aand the specific quantities
required for the following:

Clearing - general area,
Grading - general ares,
Makeup, blowdown system and water treatment -

equipment, piping, structures,

Maintenance roads,

Condenser tube cleaning system, and

Cathodic protection and lighting. .
For the cooling pond and spray canal systems, the total civil work cost was
included in major site develaopement cost,
Computerized variasble investment costs are developed by the computer to make
up the remaining investment cost items which are added to the major site de-
v'elopmn: cost for the total direct cost of material and installation,

Included {n the computerized variable costs are: .

local {oprovement to site-clearing,

Local grading,
Cizculating water intaks structure,

Spray cooling modules,

Circulating water pumps and motors,

Circulating water main and branch water conduits,
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Cooling tower basin and superatructure,

Condenser shells and condenser tubes (if necessary),
Instrumentation and control for circulating water pumps,
Unit main power tunlforﬁer (differentisl),

_Unit auxiliary transformer (differential),

Start-up and stand-by transformer (differential),
Circulating water synt;m switchgear, and

Wiring for circulating vater system.

The size and cost of turbine generastor equipment, pedestal and buildiang for
an existing plant is assumed f'{xed for all cases considered.

2. Comparable Annusl Ccsts

The estimated “Comparable Annuasl Costs” {s developed using the computerized
program and the results are recorded in the following manner:

Description of Cooling Svstem Comment
Type of Cooling System - A controlled variable identify-

iag the specific type of Cool-
ing Water System,

Maxioum Cooling Water Tempera~ -~ Cooling water temperature enter-
ture ing condenser &t maximum
meteorplogical conditions 1s
used for unit capability calecu-
lation at adverse conditions.

Degreas of Approach at Lesign « A controlled variable within
Conditions the typical range of values for

the type of cooling water
system,
Plant Net Capability at Max-
imum Meteorological, Design

and Average Seasonal Con-
ditions

(1) Turpine Gemerator - Energy generated operating at
condenser pressure coincident
with the appropriate meteoro-
logical econditions,
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Description of Cooling System

Cotrment

(2) BEstimated Plant Aux-
iliary Power Ex-
cluding Cooling
Vater System, KW

(3) CW System Auxiliary
Pover, kW

(4) Plant Net Capability
at Varioua Condi-
tions, WKW

Plant Net Annual Generation
wWh/yr

Differentizl Plant Net Cap-
ability, W4 .

Differential Plant Net Gen-
eration, kWh/yr

« A set of constant values for

each of the various loads com-
mon to all cooling water sys-
ten alternatives studied,

« Caleculati{on and Sumation of

circulating water pump motor and
cool{ng tower fan motor or of
spray module zotor input power.

- These calculation values re-

flect the yestraint or limit

in plant capability at various
conditions. The value at aver.
age seasonal conditions is the
basia for wonetary evaluation
of differential net capability.

- Integrate (Net Plant Capacity x

Period Hours) for three (3)
periocds per year and three (3)
values of turbine gensrator
‘loads,

- Base valus is the maximum de-

pendable plant net output of
620 4. Any value smaller is
peaslized for this loss of
capabi{lit~ As instructed by
JCPSLylarger values were not
credited,

- Base value is a preselected

apecified value,. Any value

‘ smaller is penalized for this
1oss of kilowatt hours genera-
tion. A value larger 4s
credited on the same baais,



L abhaliy

Description of Cocling System

Annual Fixed Charges, $/yr

Annusl Plant snd Cooling
Water Systen Fuel Costs,

$/yz

Covment

LA

Plant Net Generation with the
existing cooling system was
used as base value,

- The total Estimated Investment
Cost has been defined, This
cost multiplied by an Annual
Fixed Charge Rate is equal to
the Annual Fixed Charges,

- It is asnumed that the Ruclear
Reactor annual fuel consumption
and hence the thermal output is
the sarpe for all alternative
cocling wvater systems, The
total plant snnual fuel cost 1s
calculated based on the inte~
gral of three (3) periods per
year, the percent Joading regi-
nen per period, the thermal
rating of the neclear reactor
and a specified fuel cost.

This cost is the same for all
alternatives, A varisble is
the fuel cost related to the
cooling water system, This
cost {g calculated based on
circulating water pump motor
and cooling tower fan wotor
energy requirements (kWh/yr)
and {s included 4n the com-
perable annual system costs.

.
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Description of Cooling System Cotment

Water Consumption - Evaporation plus Drift Loss plus
blowdown equsls makeup, '

Water Costs, $/yr - Makeup x Unit Cost of water
. tresatment,
Maintenance, $/yr = A Calculated Cost as s percentage

of Investment Cost. For mechani-
cal draft towers, a waintenance
charge per fan is added.

Subtotal Annual Cost, $/yr - A suzmation of above costs,
Net Unit Production Cost, - This cost is based on the shove
mills/ki annual coste divided by net annual
generation,
Adjuetment for Differential - This differentisl capabilicy cost
Plant Net Capability, §/yr i» calculated at a rate of incre-

wental net capability levelized
cost times the levelized Fixed
Aanual Charge Rate times the
differentizal net capability (see
next comment), .

Adjustment for Differential = This differential generation cost
ii::t t;;;r&mull Genera- adjustment is calculated sassuming
’

& fixed levelized charge per XWh
times the differential plant net
annual generation.

Total Comparable Annual Cost « A Surmation of Subtotal Annual

Iocluding Adjustment for
Equalized Capability and Cost and Adjustment,

Generation, §/yr

Comparable Net Unit Produce -~ This cost is based on Total Com-
tion Cost, mills/kiMh parable Annual Cost Including

Adjustments for Equalized Cap-
ability and Generation divided
by base net generation,
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The nbov; computation s repeated for each condensing system using varibu:
values for the water velocity in condenser tubes and cooling tower approach
(the lstter is defined as the difference between the circulating water temp-
erature entering the condenser and the ambient wet bulbd temperature). Then
all the cooling system costs are sorted and results printed in ascending
order of annual cost with capability and generation adjustments, the least

costly being first on the lint.



APPENDIX B

Cooling System Alternatives - Computer Printout Summary Data

Sheet 1 NDCT - 12 F Approach
Sheet 2 NDCT - 14 F Approach
Sheet 3 NDCT ~ 16 F Approach
Sheet 4 RMDCT -~ 8 F Approach
Sheet 5 RMDCT - 10 F Approach
Sheet 6 RMDCT - 12 F Approach
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> S "atural Draft Conling Tower, l2F Aoproach Temperature
. SORT 1IN ASCENOGING QRDER OF ANNUAL COST INKCLUOING CAPABILEITY R GENERATION ADJIUSTMENTS PAGE
) KNE DZPT "A 4 NUSTO Q6702792
TN A PERFORMANCE AT PERFORNANCE AT
’ . SESIGN » PEAK LOAD CONPITION
—————— T o . e e e e e CoONOLTIONS SURFACE CONDERSER AND CCNDENSER TUsES VATER TERP
3 ANNUAL SYSTEM COSTS INVESTRENT COSTS T TOTAL  TEMP AVG
B e ot o mune 16 QALK SURFACE_ RISE TOTAL TUBRE TUge TUSE URIYT NET BALK
;’[ CASE VITWOUT* INCLUBES ~, INITIAL CAPASIL. PRESS ARZA  ACROSS FLOM  VYELOC CETH DIAR CAPABIL. FRESS
> NO- ADJUSTMNYS' mustnun-o ESCAL S TOTAL (MW) . IN HG (Sa@ FT) COND 1000 CPR (FFS)  (FT} CIND (kM) 1N KE
'::_ T T T28675° TURIAORTUTUAYSNGTT T U99560 605.79  3.68° 4230007 20.2  418,2 S5.80 41 0.875 580.26 3.1
" 2 25462 33822 56941 98719 604,22 ° 3.2% &23G00 21.0 401,83 S.60 43 D0.875 S79.14  3.2%
S 3.0 25138 33694 66050 9743 402,53 333 423000 21.7 387.5 5440 4) D.875 S577.88 3,33
™ s 24897 33921 1654007 96483 600,46 36177423000 22.4 373.1 5,20 &3 D0.375 S$78.43  3.49
> s 26432 34173 - 70963 103325 607.25  3.11 423000 19.8 430.5  4.00 43 0.878 581,20 3.1
" __ 6 24396 34230 - 64879 __ . 95293 _S98.53 __ 3.5 __-423000_ _23.5  _ 3%8.3 _ 5.00 43 0.875 S74.80  3.51
5'1 ? 27125 34439 7149871052697 608,57 T 2057423000 13.9 44409 7 6,20 43 "0,87% S82.03 3.0S
).h, 5 27547 34721 72747 107084 609,79 1.00 423000 12.3 459.2  6.40 43 0.8?5 $82.72 3.00
be 9. _23151 _ 35146 74288 109302 610,92 _ 2,94, 423000 _ 17.8 $73.8 6,60 43 D.875 $83,27 2.%%
rp. o 10 . 23582 35318 75401 110921 611,95 T 2.89 ° 423000 ~ 17,3 487.9 6.80 43 0.875 583.73 2.49
L 11" 291406 34082 76886 113059 692,93  2.85 423000 14.8 502.3  7.00 43 0.875 584.10 2.85
Do 1229783 ___ 36810 _ 78752 115723 &13.3¢ 2,30 423000 16.3 $16.6 7,20 43 0,875 $84.37 2.80
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SORY IN ASCENDING ORDER OF ANNUAL (€O0ST

flatural Draft Cooling Tower, 14F Approach Temperature
INCLUDING CAPABILITY & GENERATION ADJUSTNENTS

PAGE [}

BENE DEPT A J NusSTae 08702792

ND 1A PERFORRANCE AT PERFORMANCE AT
BESIGN PEAK LCAD CONDITICN
CONPITICAS SURFACE CONDENSER AND CCNDENSER TUBES HATER YENP

ANNUAL SYSTEX COSTS INVESTPENT COSTS AVE TOTAL  TENP AVG

s 16 BACK  SURFALE  RISE YOTAL TUEE  TUBE TUBE UNIT NET BACK
i CASE WITHOUT YINCLUDES INITIAL CAPABIL, PARESS AREA ACROSS FLONW VELOC LGTH DIAR CAPABIL. PRESS
N0  ADJUSTANTS ADJUSTANTS ¢ ESCAL  TOTAL (MM}  IN NG (SQ FT)  COND 100D GeN CFFS)  CFT) CIN) (MWD IN MG

i 23017 34438 83344 89100 59¢.70 .70 423000 23.5 358.8  5.00 &3 0.875 $75.0&  3.51

2 24175 34443 63469 93656 598,58 3.81 423000 21.7 387.5  5.40 &3 0,875 578,01 3.13

... 3. 23678 34686 62129 918692 596.72 3,40 423000 22.6 373.1  5.z0 ¢3 0.875 576.61 3,41

I 28762 34538 65004 95885 400.3¢ 3.43 423000 21.0 401.8  $.60 43 0.875 579.22 3.25

s - 25183 34508 66139 97622 601.98 3.35 423000 20.2 416.2  5.%0 43 0.875 $30.23 3.18

e B 26254 ... _ 35400 69140 . 1013833 603.48 3.29 423000 19.6 $30.5  6.00 43 0.275 S81.18  3.11

‘ 7 26806 35721 70838 106005 604.88 3.22 423000 13,9 484,9  6.20 43 0.8?5 581.97 3.05

) ) 27322 38057 72029 106035 &06.16 3.16 423000 13.3 459.2 5440 43 0.873 582.62 3.00
- .. 21937 38533 .. 73710 108456 607.37 3.11 . 423000 17.8 873,86  6.60 (3 0.875 583.14 2.94

g 10 848 37047 75377 110857 608.48 3.06 423000 17.3 87,9  6.50 ¢3 0.575 S33.54 2.89
. 1" 29075 37515 76815 112933 609.54 3.01 423000 16.3 $02,3  7.00 43 D.875 583.89 2.85
To..%2. 29708, 38126 78346 115414 410.49 2,96 423000 9s5.3 $16.6  7.20 43 0.5375 586.13 2.80
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- ND 1L A

SOR?

ANNUAL SYSTER COSYS INVESTMENY COSYS

i . -

. 1 23651
2 23264
. 1 22854
- 4 22340
" H 21933
W bl 24579
o 7 25403
Y g 26219
Hm e . 26865
o 10 22597
K 11 28174
. 12 9178
o
-
;.
oy
A
.
~d

" gASE WITHOQUT INCLUDES
WO  ADJUSTMNTS ARJUSTMNTS # ESCAL

INIYIAL

33100 46206%
35164 61021
35269 59917
35351 58522
35418 $7430
L 356R2 . . 64407
35112 64347
38647 49068

. 37048 r0817
37854 72819
38125 743713
39040 7y

TOTAL

$1530
900613
83453
86439
L1318 |
95234
98471
101680

. 10226

107101
109372
113311

S L T T N L e e e
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Natural Draft Cooling Tower, 16F Approach Témperature
IN ASCENDING ORDER OF ANNUAL CUOST

IACLYDING CAPABILITY & GENERATION ADJUSTHENTS

FNE DEPT
PERFORMANCE AT
bESECN
CONBITIONS SURFACE COKDENSER AND CCNDENSER TUgES
AVG TOTAL TERP
16 BACX  SURFACE  RISE TOTAL  TUERE Tusg TUuBE
CAPABIL, PRESS AREA ACROSS FLOW vELOC LGYR  S8IARN
(xy) IR RG (SO F¥Y)  cowNd 1000 ePM  (FPS) (e7) UIW)
598.02 .54  &423B0Q  20.2 416.2 5.80 43 0.31s
398,39  3.62 423000 21.0 401,83 5.60 43 D.37?5
596,63 3,70 423000 21.7 387.5 540 43 0,875
592.68 3,79 423000 22.6 - 373.1 5.20 43 0.32%
$90.57 3.90 &23000 23.5 358.8 S.00 &3 0,875
3599.55  3.47 423000 19.6 430.5 $.00 43 0.875
601,01 3,40 4230080 18.9 44,9 4.20 43 0.875
602,35 3,34 423000 18.3 £59.2 .40 43 0.875
603,61 3.28 423000 17.8 A73.6 65.60 43 D.875
604,70 3,23  A23000 7.3 487.9 6.80 43 0.37§
603,33 3,18 423000 14.8 562.3 7.00 &3 0.875
604,90 2,13 423000 16.3 516.6 7.20 &3 0.825

L e RO R A R TS N T i e N e 0

PAGE [

FERFORNANCE AY
PEAK LCAD CONPITION

A 3 mUSTE C6/D2/92

WATER TERP
AVE
URIT NET B8ACK
CAPABIL. PRESS
Ry} Ik H8
580,68  3.12
579.57  3.25
578,32 3.33
S?4,8T7  3.01
$75.2¢ 3,51
581,64 3.11
$82.47  3.05
533,132 3.00
S83.75 2.94
586,22 2.A9
384,60 2.35
384,39 2.80
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Round Mechanical Draft Cooling Tower, 8F Approach Temperature

N SCENDING ORDER OF ANNUA CaST INCLUDIMG CAPASILIIY & GENERAYION ADJUSTHMENTS PAGE ]
SORT LN ascennt ! ¢ NKE DEPT A J NUSTO 06/04/92
D 3A PERFORMANCE AT - PERFORRANCE AT
BESIGH FEAK LOAD CONDITION
CONDITIONS SURFACE CONDENSER AND CONDEMSER TU0ES HATER TERP
ANNURL SYSTEM COSTS INVESTRENT COSTS AVG TOTAL TENP AVG
) 16 . BACK  SURFACE  RISE YoTAL  TUGE  TUBE TUBE UNIT NET BACK
. CASE  WITHCUT INCLUDES  INLTIAL CAPASIL. PRESS AREA  ACROSS  FLOW ~ VELOC LGTH DIAR CAPABIL. PRESS
* MO ADJUSTANTS ADJUSINNTS ¢ ESCAL  TOTAL (M)  IN X6 (S@ FT} COND 1000 <Ps CFPS}  CFT) CIND  CAW)  IN WG
1 25372 33735 63958 94258 Ta06U30  S.167 423000 Z3.s 358,87 S.00 0 WY 0.B7ST 569.571 7351
2 25968 33921 65494 $6492 608,17 307 423000 22.6 373.9  $.20 43 0,875 571.09  3.41
3 26529 | 34279 64941 _ . 98598 6G9.88 . 2.99 423000  21.7 . 387.5 _  S.40 &3 0.875 572.43 _ 3,33
& 27152 34753 68561 160940 611.39 2,92 423000 2009 4018  S.60 A3 0.875 S73.58  3.25
5 27702 35439 69986 103002 &12.79 2.85 423000 20.2  416.2  S5.80 43 0.875 S574.57 3.18
... & 28527... 3599& . T216T .. 1G8Y27._ 6%4.07 _2.79 .. 423000 39.6 . 430.5__ 6.00 ___&3 D.875 _57Se4) 311
T 29087 3&sn 73838 7103252 T 815,26 T2.74 423000 T18.9 448.9 6.20 U743 C0.875 T378.12 7 3.0
- 3 29646 37186 75109 110378 616,35 2.69 423000 18.3  459.2  6.40 &3 0.875 S$76.49 3.00
.9 30030 37854 76107._. 191835 . 617.33 2.6k, _ 423000 _17.8__. &73.6  6.60 _ &3 0.875._S77.15.__2.9%4 _
SR T 30¢85 33227 22300 193580 618.33 T 2.59° 423000 17.3° 70 487.8  6.80 43 0.825 T577.46 T2.89
11 30883 3877¢ 78341 115073 619.22 2.5S 423000 16.8  502.3  7.00 &3 0.875 S77.69 2.35
12 31665 39735 80424 113040 _620.05_ 2.5t 423000 16.3__ _516.6  7.20 &3 0.275 577.83_ 2.80 .
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Round Mechanical Draft Cooling Tower, lOF Approach Temperature P .
ASCEMDIN ORODER OF AMNUAL COST INCLUDING CAPABILILITY L GENERATION ADJUSTRENTS PAGE [}
SORT 1IN ¢ & MANE BEPT A 2 MUSTO 067047292
MDD jaA e . . . .. . .
_ PERFORNANCE AT PERFORNANCE AT
PESIGN PEAK LOAD CONBITION
— . .. . . . CONDITLONS SURFACE CONDENSER  AND  CONDENSER  TUBES WATER TEMP
ANNUAL SYSTEM COSTS INVESTHENT €OSTS Ave TOTAL  TEWP AVE
. ; e TG BACK  SURFACE . RISE TOTAL _TUBE _ TUBE TUBE UNIT NET 8ACX
- TCRSE WETHOUT  INCLUDES  INITIAL CAPABIL. PRESS AREA  ACROSS FLOV VELOC  ULGTH OIAM CAPABIL. PRESS’
Y NG ADJUSTNNTS ADJUSTNNTS ¢ ESCAL  TOTAL (AW) IN K6 C(SQ FT)  CONS 1000 GPA (FPS)  CFTI  CIND ) IN MG
Sty T iedS T 33FTT 61990 T 99372 Te06.30 316 4230007 21.F T 3®T.S C5.40 T a3 T0.875 (S72073 T3N3y
2 25007 53870 53004 923836 607,92 3.08 &23000 21.0 401.8  sS.a0 43 0,875 573,88 3.2%
3 23871 33876 __ _ 60015 88505 602.56 _ 3.33 _ 423000 23.5. . 358.8  5.00 43 0.B73 SA9.BA  3.51
It U324 33879 61209 90228 604,51 3.24 423000~ 22.6 373.1 5.20 83 0.B7S ST1.3I7  3.41
5 25457 340483 54196 94544 409.42 3.0 423000 20.2 416.2  5.80 43 0.875 $74.89 3.18

v 6 26176 34692 . _66101 97287 _610.77_ 2.95 . 423000 19.6 __ 430.5_ _ 6.00 _ 43 0,875 573.73  3.11
. 7 26538 35011 67035 98432 692,017 2.89 “T423000 18.9 464.9 T 6420 43770.875 576.45 '3.05
a 27009 35472 48268 100807 613,15 2.84 423000 18.3 459.2 6.40 43 0.875 577.0%4 3.00
Y e 827490 35980 ___._ 89528 102226  634.25_ _2.79__ 423000  17.8 ___473.6 . 6.60 _ &3 0875 577.89 2.9 .

! 1077 T 27899 36470 705707 103728 615,227 T 2.74 7 423000 97.3 £37.9 T 8.80 43 0.875 577,837 T2.89 :
- 11 28181 36894 71328 104831 616,16 2.70 423000 6.3 502.3 7.00 43 0.875 $78.07 2.35 :
o 12 . 28986 .. 37841 73014 . 107798 617,02 _ 2.65 423000 16,3 . __596.6 . 7.20 __. 43 0.875 578.22 2.80
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Round Mechanical braft Cooling Tower, 12F Approach Temperafure

A ORDER OF ANNUAL CO INCLUDING CAPABILITY 8 GCENERATION ADJUSTMENTS PAGE &
SCAT IK ASCEMDING ORDE cosy MNE DEPT A J MUSTO (06/04/92
2?2 . . .
‘M ' PERFORNANCE AT : PERFORMANCE AT
) 0ESTGN PEAR LOAD CONDITION
.. COEDITIONS SURFACE CONBENSER AND CCNDENSER TUBES VATER TENP
ANNUAL SYSTER CO3TS INVESTPENY COSTS AVG TOTAL TENP AVG
. TG EACK SURFACE _ RISE . TOTAL _ TUEe _ TUBE TUBE  UNLIT NEY BACK
R CASE MITHOUT [INCLUDES  INITIAL CRPABIL, FRESS  AREA ACROSS fLOV ¥ELOC  LGTH OIAR  CAPABIL. PRESS
M0  ADJUSTMNTS ADIUSTANTS » ESCAL TOTAL (RW) IN HG €5Q FT) COND 1000 cpm (Fes)  (FT) (IN} (R IN HG
. 1 23651 38295 $9574 87860 602.53 3,33 423000 217 387.5 5.40 4 0.875 S73.43  3.33
2 23430 34334 58544 86945 6DD.86  3.41 423000 22.6 373.% $.20 43 §.875 $72.32  3.41
3 23084 34373 58036 85644 S$9B.63  J.S1 423000 23.5 358.8 $.00 4¢3 0.875 S$71.05 3.51
. 4 24054 34440 83537 89235 604,22 3,25 423000 21.0 401.8 $.60 43 0,875 574.37 3,25
s 394 34602 §1415 90490 405.79 3.18 423000 20.2 £18,2 5.20 43 0,873 S75.17 3.18
e—- & 25139 . 35141 83373 ... $3275. 807,23 Y.11__423000 __19.86  430.3  6.00 . &3 _0.875 575.96 331,
.- ? 25435 35258 64158 $4422 608.57  3.05 423000  18.9 4449 6.20 430,875 T526.71 T 3.08
3 25851 35538 65250 95996 609.79 3.C0 &23000 18.3 4592 8.40 43 0.875 S77.32 3.00
e 9 26281 35879 66379, . . STA18. 810,92, . 2.94 . 423000, 17.8 . 473.6 6.60 _ 43 0,875 STT.79 . 2.94 _ ..
. 10 26539 38179 87044 98591 611.95 2,39 423000  17.3 487,9 §.30 43 0.875 S78.16° "2.89
11 263729 36593 679318 99876 412.93  2.85 423000 16.8 502.3 7.00 43 0.875 S73.43 2.3
12 27339 37154 89151 | 101617 613.84, 2.80 _ 423000_ . 16.3. . . S18.6 .. 2,20 . 43 0.875 578.60  2.80
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